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Abstract : A relation between the altitude (h )  and the eonstants A and B conncctijig K l & l  
with Irequency/(vi/, K / d l '  -  A i B f  ) m our previous paper has been found out for ordinary (O) 
and extra ordinary (/i) in<xJev of wave propagation. These relations were used to compute the ratio 
of thermal conduciiviiy (A) and the produc t of electrical conductivity (o) and temperature (7’) at 
ddferenl altitudes and tor waves of differeni frequencies. I'hus relation for A'/O'/'contain alUtude 
and wave frequency through liic constants A  and fi
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II IS known ihm the thermal conductivity (K), electrical conductivity (o) and temperature (7') 
()1 ionosphere vary with altitude (h). The ratio K/<j  T depends upon several parameters [1] 
which include the frequency (/) of a wave during its propagation through tlic ionosphere [2 ]. 
It was shown that the relation between K/cfl and / contains two constants (A and B) for the 
ordinary (O) and extra-ordinary (E) modes of wave propagation. They are different at different 
altitudes 1 2 1.
The relations between A and B with altitude (/z) for each mode of wave propagation 
(O and E), have been developed. These relations will be used to compute values of AT/cr / ’at 
different altitudes for waves of different frequencies.
rhe values of A and B from our previous work [2] and K/a T have been presented 
graphically in Figures 1 , 2  and 3.
lo wht>ni all communicaLion should be addressed
© 1993 I ACS
74 R Misra and P K Das
Figure 1. Ailitudc vanalion of A  and fl. Solid curves arc drawn by using data from 12) and dolled 
curves from rclauons (1) and (2)
I'or A O for O-modc and ▲ for K inode I-or D •  for O-mode and X for /i-modc
{ \H MHz ----------—
Figure 2. Vaules of K/OqT ai different altitudes and wave frequencies. Numerals show the
. , r  'T f ,—  . , i . „  ________
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Figure 3. Values of K laJ ' ai different altitudes and wave frequencies. Numerals show the 
values of KlO^T for the curves on which they appear.
Figure 1 shows that A and B for both modes increase gradually with altitude except 
near 100 Km, where a depression occurs in agreement with the values of K/oT which, 
again, depend on the properties of the region at this altitude.
It is to be noted that the values of K/aT computed from these values of A and B do 
not agree with those computed by using expressions for K [3] and a  [4] below 100 Km and 
below 6  MH .^ This is evident from Figure 1 and our previous paper [2]. It is because for 
high elecu’on concentration near 100 Km, the conductivity (a) becomes high and a 
depression in KI a T -  h curve occurs at this altitude. Hence, the formula proposed in [2] 
may be applied to wave propagation above 6  MH  ^and 100 Km.
From Figure 1 we find that the variation of the logarithms of A and B with altitude 
for both the O-and E- modes is parabolic except for the depression at about 100 Km. This 
suggests that the relations between A and B with attitude (/i) may be of the forms
A = exp (a/ + Pi h + V/ h^) (1)
and
B = exp ( 0 2  + /?2 ^
for both O-and E- modes. Here a, ^and v ’s are constants. Using the values of A and B 
from our previous paper [2 ] these constants have been computed as shown in Table 1.
Table 1. Values of the consunls a, p  and u lor O-and /' -modes.
76  R Misra and P K Das
Mode of 
WavePnv
pagauon.
Values of
Pi Vi « 2 P2 V2
O
E
-2 2 . 1 1  
-22 132
0.1232
0-1027
-2.879 X 10
-1.64 X 10
-25.8 0.1304 -2 .82X  10'
-25.83 0.1308 -2 .896X  10
The calculated values of A and B from expressions (1) and (2) using these vali|es of 
a, P and v show a slight deviation from those in [2]. They arc shown in Figure 1 .
It has been observed that A from [2] and those calculated from relation (1) ard^  the 
same in the 0 -mode while in the £-modc the values from [ 2 1  are slightly lower than tlipsc 
calculated from relation (1). However ihcy become equal above 140 Km. The negative sign 
has been omitted in A for the £-modc. As far as B is concerned, the values from [2J arc 
higher than those calculated from relation (2 ) in the O-modc above 120 Km, while in the £- 
mode they are smaller than the calculated ones upto 140 Km. Above this altitude they 
become greater but arc smaller for 180 Km. In all cases, the difference is small. We wish to 
point out that the extrapolated portions arc in agreement with A and B obtained from 
relations (1) and (2) respectively in both modes. Values of A and Z? calculated from relations
(1 ) and (2) are shown by dotted curves in Figure 1 .
Finally K/a T becomes
KIOq T = exp 1 + (exp ) f  (3 )
and K/Og T = -exp -h (exp X^ ) f  (4)
where Oq and are the electrical conductivities of the region under consideration in O- and 
£-modes respectively, while
X, =exp (- 2 2 . 1 1  + 0.1232 ^-2 .879  X 10 "% ^), 
X2 =exp (-25.8 + 0.1304 / i - 2.82 X 1 0  
X3 =exp (-22.132 + 0.1027 /1-1.64x 1 0
t -  4 1 2 >
(5)
(6)
(7)
and X4 = exp (-25.83 + 0.1308 /i -  2.896 x 10 ' ). (8 )
The relatioas (3) and (4) provide ihe variation of KI&T with altitude and frequency of 
waves simultaneously. Values of K/Og 7 'and Klo^T have been computed with data from 
ref. (5] which agree well with those calculated using other formulae [3,4] as in Table 2.
Table 2. Compuied values of KKJT for C> and f:-modcs al diffcrcni wave Ircqucncics
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Ainuide 
h km.
Mode
6M H ,
Values of Kicfl' for
9 MfL 12 M ilz
1()0
120
140
160
IKO
21K)
0
E
O
E
O
R
O
E
Q
li
O
E
1.275 (-^)
5.13 (-7) 
2.84 (-5)
1.14 (-5) 
1.46 H )
5 9 (-5) 
2.66 M )
1.07 M )  
4.5 M )
1.8 (-4) 
6.03 H )  
2.43 (-4)
1.3 (-6) 
3.86 (-7) 
2.89 (-5) 
1.124 (-5) 
1.29 (-4) 
5.94 (-5) 
2.61 M )  
1.09 H )
3 4 4 H )  
1.736 (-4) 
5.92 (-4) 
9.8 (-4)
2.45 (-6) 
1 33 (-6) 
5 44 (-5) 
2.95 (-5) 
2.8 (-4) 
1.52 M )  
5.1 H )  
2-77 (-4) 
8.6 H )  
4.68 (-4) 
1 16 (-3) 
6.3 M )
2.48 (-6) 
1.35 (-6) 
5.62 (-5) 
3.254 (-5) 
2.613 (-4) 
1 56 (-4) 
5.157 (-4) 
3.096 (-4) 
6.5 (-4) 
5.67 (-4)
1 174 (-3) 
6.0 (-4)
4.4 (-6) 
2.84 (-6)
9.8 (-5) 
6.3 (-5) 
5.06 (-4)  
3 26 M )  
9-2 (-4)
5.9 H )  
1.55 (-3) 
9.98 (-4) 
2 08 (-3 )  
1.35 (-3)
4.11 (-6) 
2.7 (-6)
9.45 (-5) 
6.224 (-5)
4.46 (-4) 
2 9 1 6 ( 4 )  
8.72 ( 4 )  
5 .9 0 6 (4 )  
1.1 (-3) 
l . lK - 3 )
1 989 (-3) 
1.25 ( 4 )
15 MH., 18 MH, 21 Mil.,
X Y X y X y
6 3 (-6) 6.21 (-6) 8.83 (-6) 8 77 (-6) 1.207 (-5) 1.18 (-5)
4 4 (-6) 4.438 (-6) 6.56 (-6) 6 561 (-6) 9.5 (-6) 9 07 (-6)
1.4 H ) 1.43 ( 4 ) 1 .9 6 (4 ) 2.039 ( 4 ) 2 6 2 ( 4 ) 2 7 5 ( 4 )
9.8 (-5) 1.006 ( 4 ) 1.46 ( 4 ) 1 4 7 ( 4 ) 2.03 ( 4 ) 2.02 ( 4 )
7.25 (-4) 6.83 ( 4 ) l.Ol (-3) 9.7 ( 4 ) 1 35 ( 4 ) 1 .32 '(4 )
5.06 H ) 4.66 ( 4 ) 7 5 ( 4 ) 6.79 (-4) 1,05 (-3) 9.3 ( 4 )
1.3 (-3) 1,328 (-3) 1 .8 ( 4 ) 1.89 ( 4 ) 2 47 ( 4 ) 2 5 5 ( 4 )
9.2 H ) 9.52 ( 4 ) 1.37 (-3 ) 1 .3 9 (4 ) 1.9 ( 4 ) 1.91 ( 4 )
2.2 ( .3 ) 1.65 (-3) 3.1 ( 4 ) 2.3 ( 4 ) 4 .1 4 ( 4 ) 3 .1 4 ( 4 )
1.55 (-3) 1.805 (-3) 2 3 ( 4 ) 2 66 ( 4 ) 3.21 ( 4 ) 3.66 ( 4 )
2.99 (-3 ) 3.037 (-3) 4,18 (-3) 4 .3 1 6 (4 ) 5.59 ( 4 ) 5.827 ( 4 )
2.09 (-3 ) 2.114 (-3) 3.1 ( 4 ) 3 174 ( 4 ) 4.33 ( 4 ) 4.149 (^3)
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Table 2. contd  
24 MPL, 27 MHy 30 MH,
1.52 (--5) 1.53 ( -5) 1.84 (-5 )  1 9 2  ( -5 )
1 2 K - 5 )  1 2 ( -5 )  1 56 (-5 )  1.58 ( -5 )
3 36 ( 4) 3.57 (-4 )  4 21 M )  4.5 (-A)
2 69 (-4 )  2.66 M )  3 45 (-4 )  3.39 ( -4 )
1 7 4 (~ 3 )  1.712 ( -3 )  2 17 ( -3 )  2 .16 (~3)
1.39 (-3 )  1 22 ( -3 )  1 78 ( 3) 1.55 ( -3 )
3 16 (-3 ) 3.314 (-3 )  3 96 ( -3 )  4 179 (-3 )
2 53 ( -3) 2..52 (-3 ) 3 24 ( -3 )  3 2293 ( -3 )
5 33 f-3 ) 4 I ( -3 ) 6 K M -3 J  5 .1 3 ( -3 )
4.26 ( - i )  4 82 (-^3) 5.47 (-3 )  6 14 ( -3 )
7 18 ( 3) 7 575 (-3 ) 8 96 ( -3 )  9 553 ( 3)
5 75 (- ^) 5 859 (-3 )  7.38 ( 3) 7 .494 (-3 )
X -liom lomuilae by ( 3, 4 1 , ^-from rclaiioiis (3) and (4>
The relations (3) and (4) may Ik uikcn to be valid i'or ionospheric regions above 100 
Km. Vanaiion oi KlaT has been prcsciucd in Figures 2 (O-mode) and 3 (E-mode), This 
provides mlormalion on ils variation with altitude as well as wave frequency.
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